Agricultural production delivers enormous waste biomass materials, which have very low values for industries, but contributes significant environmental impact on carbon emission. This study was aimed to identify cost-effective chemical technologies to enhance bio-accessibility of cellulose-based agricultural biomass materials, which can be used as carbohydrates for fermentation process. Three chemical methods alkaline, dilute acid and ammonia soaking were investigated for the pretreatment of oat husk, which was used as a cellulose biomass model. Comparison studies of the pretreatment methods were carried out in a series of bench scale tests and biochemical analysis. These chemical pretreatment methods were evaluated by enzymatically hydrolysing the treated oat husk and estimating the mount of glucose produced in the hydrolysate. Experimental results revealed these pretreatment methods are promising for enhancing the enzymatic accessibility of the cellulose biomass materials. Alkaline pretreatment method appeared to demonstrate the best results in terms of enzymatic hydrolysis and glucose yield.
Introduction
It's been estimated that each kilo gram of raw rice or oat produces 200-300 g of husk after the groats are separated in the milling operation. Removing these residues from mills has become a global problem.
Oat husk is not widely used as a cattle feed (Johnson and Boyles, 1991) since it is less palatable and lower in nutritive value. Therefore, it is mixed with other by products of oat milling such as oat dust and meat seed to improve its quality. Low heating value and the high silicate content in husk has further prevented them being used in energy production by direct burning or gasification (Kargbo et al., 2009; Plis and Wilk, 2011) . Silicate cause erosion problems in boilers and handling systems which cause operating problems that affect boiler and furnace reliability and operating cost.
These agricultural (lignocellulosic) biomass composed mainly of cellulose, hemicellulose and lignin of varying composition depending on the type of material. The nutritional value of these materials can be enhanced to serve as a medium for microbial growth in the production of bioenergy, such as biogas (Gomez-Tover et al., 2012; He et al., 2008) and bioethanol (Biond et al., 2010; Ko et al. 2009; Sun and Cheng 2005) . Presence of both lignin and hemicelluloses has shown to be a major barrier in chemical or enzymatic hydrolysis of cellulose (Zhang et al., 2012) . Therefore, biomass needs to be pre-treated to alter the lignin and hemicelluloses contents and cellulose fibre crystallinity to enhance enzyme or chemical accessibility and thereby increase the bio-digestibility.
The structural and compositional features vary from biomass to biomass and therefore the degree of pre-treatment required also depends on the source and the type of biomass. Different pretreatment methods have been tested for various agricultural materials but each method has its own merits and demerits. However, tested and proven pre-treatment method has not been reported so far for complete removal of hemicellulose and lignin. Alkali pre-treatment removes lignin and part of the hemicelluloses (Binod et al. 2010) ; dilute acid treatment is reported to be effective in hemicellulose removal and a high content of hemicellulosic sugars can be found in the prehydrolysate but not effective in lignin removal as only acid soluble lignin is removed (Hsu et al., 2010) . Soaking in aqueous ammonia (SAA) was reported to be a promising method for removing lignin and has shown significant swelling effect on corn stover (Kim et al., 2003; Ko et al. 2009 ).
Many other pretreatment methods such as ammonia fibre explosion (Alizadeh et al., 2005) ammonia recycle percolation (Hyon Hee Yoon, 1998) , liquid hot water (Wan et al., 2011) microwave irradiation (Zhu et al., 2006) and lime pretreatment (Kaar and Holtzapple 2000) are currently being tested for biomass pretreatment. All these methods have limitations such as capitalintensiveness, the tendency to form inhibitors as well as low yields. Above all the degree of pretreatment depends on the biomass type as well as the pretreatment conditions used (GomezTover et al., 2012) .
Once the material is pretreated it is subjected to hydrolysis to breakdown the long chain cellulose molecules into fermentable sugars. Two methods; acid hydrolysis (both dilute and concentrated acid) and enzyme hydrolysis are employed for biomass hydrolysis with varying efficiencies, depending on treatment conditions, type of biomass and the properties of the hydrolytic agents (Sukumaran et al., 2009) . Dilute acid hydrolysis requires high temperatures, while concentrated acid hydrolysis can be carried out at lower operating temperatures. In enzymatic hydrolysis, enzymes catalyse the breakdown of sugars and achieve high yields under mild conditions without generation of any toxic wastes (Keidhosro et al., 2006) . Fermentable sugars are then converted into ethanol by suitable microorganisms in the fermentation process.
This study investigated the feasibility of improving the commercial value of oat husk as a candidate in bioethanol production. In that respect three pre-treatment techniques, alkali pre-treatment, SAA and dilute acid pretreatment were evaluated for oat husk on the basis of the yield of glucose released by enzymatic hydrolysis of celluloses by cellulase supplemented with glucosidase.
Materials and Methods

Materials
Oat husk used in this study was kindly supplied by Blue Lake Milling Pty. Ltd. Australia. Oat husk was used as it comes out after milling without further crushing or sorting. Moisture content of the sample was determined by Convection Oven Procedure (Ehrman, 1994) .
Carbohydrates (Cellulose and hemicellulose) and Acid Soluble Lignin (ASL) contents of the oat husk samples were determined by concentrated acid hydrolysis followed by dilute acid hydrolysis method given in NREL/TP-510-42618.
Pretreatment
Oat husk samples were treated as follows:
Alkaline pretreatment
Oat husk was mixed with 2, 4, 6, 8 and 10 % NaOH solutions at a solid loading of 1:10 (w/v) and incubated for 1 hr at 65 o C, 75 o C and 85 o C. After the incubation period, solids were separated by filtering the solution. Filterate was stored in a refrigerator for sugar analysis. Filtered solids were thoroughly washed until the wash water was colourless and neutral. The washed solids were dried at 45 o C until a constant weight was attained and then stored in the refrigerator until further use.
Dilute acid pretreatment
Oat husk samples were treated in 0.5, 1 and 1.5 % (w/w) H2SO4 solutions for 1 hrs at 121 o C in an autoclave for 60 min and 90 min. Solids were filter separated, washed, dried and stored in the refrigerator.
Ammonia pretreatment
Oat husk samples were treated in 10, 20 and 30 % (w/w) NH4OH solutions for 24 hrs at 50 and 60 o C. Solids were filter separated, washed thoroughly, dried and stored in the refrigerator.
Enzymatic Hydrolysis
Pretreated, dried and refregirated oat husk samples were kept in an oven at 60 o C for 24 hrs prior to enzymatic hydrolysis studies. 2.5g samples of pretreated oat husk were transferred to 250 ml flasks containing 175 ml of 0.05M sodium citrate buffer solution at 4.8 pH and autoclaved for 30 mins. After cooling the flask contents to room temperature, 15 FPU cellulase enzyme (Celluclast 1.5L, Sigma-Aldrich) and 30 CBU ofglucosidase (Novozyme 188, Sigma -Aldrich) were added to each flask and incubated in a rotary incubating shaker at 50 o C and 150 rpm. Hydrolysates were withdrawn at different time intervals for sugar analysis.
Sugar Analysis
Glucose and xylose contents in the hydrolysate were analyzed by a high performance liquid chromatography using a Rezex ROA-Organic Acid Column (Phenomenex; 300 x 7.8) and a refractive index detector (Varian model 350) operated at 50 o C and 4 mM Sulphuric acid at 0.6 mL/min as the mobile phase.
Results and Discussion
The main components present in any agricultural biomass material are polysaccharides, which exist in different forms. According to the results, raw oat husk contains 30.49% glucose, 13.18% xylose and 1.45% ASL and the remaining could be acid insoluable lignin and other sugars that were not determined in this study. There can be variations in the compositions obtained in this work and the reported values due to the different types of oat grown in different countries under different climatic and soil conditions. However, composition analysis shows that there is a significant content of glucose available in oat husk and hence can be utilized as a potential sugar source for ethanol fermentation.
Prehydrolyzate analysis
Sugar analysis results showed presence of monodisaccharides only in prehydrolyzate (filtrates from pretreatment) collected from dilute acid pretreatment. The results indicate the presence of xylose and glucose after dilute sulphuric acid treatment (Table 1) . Data show that there is only a small amount of glucose present in the prehydrolyzate and also there is no effect of pre-treatment time or the acid concentration on the glucose concentration in the prehydrolyzate. However, a slight increase in the xylose content was observed with the acid concentration in 90 min treated samples. The presence of xylose and glucose in the prehydrolysate is an indication of the degradation of hemicellulose. The amount of xylose removed in dilute acid treatment is approximately 10% of the total xylose present in oat husk. The low concentration of hemicellulosic sugar in the prehydrolysate could be due to the mild conditions employed in this study. Even though noticeable cellulose degradation was not observed under the conditions employed in this study for dilute acid treatment cellulose degradation can happen at severe operating conditions (Hsu et al. 2010 ).
Detectable quantity of glucose or xylose was not found in the filtrates from ammonia and NaOH treatments. Absence of sugars indicates that there is no significant cellulose or hemicellulose degradation in pre-treatment or under the conditions employed in this study. Fig 1 shows prehydrolysate for ammonia, acid, and alkali treated samples. The hydrolysate of alkali and ammonia treated samples were dark in colour, whereas that of the acid treated sample was light in colour. The dark colour is mainly because of the solubilizaton of lignin in alkali and ammonia and the absence of lignin in the prehydrolysate of acid treated sample makes it lighter in colour.
Fig. 1.
Prehydrolysates from pretreated oat husk samples. Ammonia treated (left), acid treated (center) and NaOH treated (right).
Pretreatment
Pretreatment of any lignocellulosic biomass can be affected by many factors such as the dosage of the reactants used, reaction time and temperature. Since the degree of pre-treatment is not measurable or quantified, enzymatic hydrolysis which is highly influenced by the degree of pretreatment was used in determining the effectiveness of pre-treatment employed.
HPLC analysis of enzymatic hydrolysate showed that the main component present was glucose and the quantity of xylose available was very small. This is in agreement with the previous work by Zhang and Cai (2008) , who found that there was a 43.59 fold increase of glucose than xylose in the hydrolysate of the alkali pretreated rice straw. The reason for this is the enzymes used in the hydrolysis; cellulase andglucosidase catalyse only the breakdown of cellulose into glucose but not the hydrolysis of hemicelluloses. Hence the concentration of xylose in the hydrolysate is insignificant and therefore, only glucose data from hydrolysates are presented here. Increase in glucose indicates that the amount of cellulose in the pre-treated samples has increased with respect to hemicellulose and lignin. However, increased cellulose loading does not enhance the hydrolysis yield if the lignocellulose is not properly pretreated. Therefore, these data indicate that the cellulose present in the pretreated material is more accessible for hydrolysing enzyme attack after pre-treatment.
Fig. 3. Scanning Electron Micrographs of untreated Oat Husk
Results further show that the enzymatic digestibility of oat husk has been improved with the severity of the pretreatment. The removal of lignin from the microfibrils by NaOH treatment may have exposed the cellulose surface and increased the enzyme accessibility to the cellulose microfibrils. NaOH could disrupt the cell wall by dissolving the hemicelluloses, lignin and silica, swelling cellulose, decreasing the crystallinity of cellulose, increasing internal surface area, distrupting lignin structure and separating structural linkages between lignin and carbohydrates (Niu et al., 2009 ). This clearly indicated that microstructure of the lignocellulosic material is a potential factor for the enzymatic hydrolysis.
In the present study 2, 4, 6, 8 and 10% NaOH have been used in the pretreatment and was observed that the glucose yield increased considerably with the increase of NaOH percentage used in the treatment. Further, increase in glucose yield was also observed with the increase in the hydrolysing time. It can be seen that about 77% glucose in the preptreated oat husk was obtained in 72 hrs of hydrolysing time for oat husk treated with 10% NaOH at 85 o C, whereas it was only 52% at 24 hrs. The results from all tested samples indicated that the hydrolysis is time dependent. Therefore, sufficient time should be allowed for the hydrolysis.
Scanning Electron Micrographs of the orderly structured fibers in the untreated oat husk are shown in Fig 3. The surface of the untreated oat husks is rigid and has many phytoliths, which are decayresistant silica bodies that protect the fibers against biodegradation. Further, the pretreated samples are much softer than the untreated samples when the materials were hand touched and the changes of material was also visible with the severity of treatment (Fig. 4) . Fig. 4 . Images of the Untreated OH, 2% NaOH pretreated oat husk and 10% NaOH pretreated oat husk Fig 5 shows the glucose yield obtained in the hydrolyzate of the dilute acid pretreated oat husk. It shows that the concentration of acid had no significant effect on the glucose yield. However, increased glucose yields were achieved with prolonged hydrolysis. Lignin is a barrier for enzymatic attack and previous work has shown that dilute acid pre-treatment is not effective in lignin removal (Hsu et al. 2010) , even though it does digest hemi-cellulose in the material. Therefore, it can be concluded that the changes in the structure of oat husk due to hemicelluloses digestion or removal are not sufficient for the enzymes to attack and digest cellulose. This low accessibility of enzymes to cellulose has resulted in low glucose concentrations. Low glucose level suggests poor hydrolysis of pre-treated oat husk as a result of poor enzymatic accessibility even though the same amount of enzymes were used as in alkaline and acid treated samples. These results indicate that the removal of lignin alone cannot enhance the change in the structure of oat husk for enzyme digestibility. Similar results were reported for ammonia pretreatment of rice straw (Ko et al., 2009 ) and for corn stover (Kim and Lee, 2005) . Therefore, it can conclude that ammonia soaking is capable of removing lignin but not effective in making the required structural changes for enzymatic hydrolysis or removing hemicellulose.
The treatment time required for better hydrolysis can also be a variable with the type of the biomass material. The poor pre-treatment of oat husk may be due to insufficient treatment time used in this work and with prolong treatment time better removal of lignin and softening of the material could be expected.
Lignin could be removed in both alkali and SAA treatments and the treated biomass is left primarily with celluloses and hemicelluloses after the treatment. Even though both pre-treatments seem to look the same, glucose yield after hydrolysis was found to be greatly different. This is because of the internal changes that happen due to treatment. NaOH treatment was convinced to be effective in changing the structural features of cellulose for better enzymatic attach, whereas SAA appeared to be unlikely. Hydrolysis of cellulose is highly dependent on the porosity of the biomass materials, cellulose fibre crystallinity and the amount of lignin and hemicellulose present. The most important property is the crystallinity of cellulose, as it remains unchanged irrespective of the structural changes caused by several pretreatments in most lignocellulosic materials (Kim et al., 2003) . Cellulase enzymes hydrolyse cellulose in the pretreated material and hence the cellulose microstructure is the potential factor influencing enzymatic hydrolysis.
The best pretreatment method and its associated operating conditions depend greatly on the type of lignocellulosic material. For example, pretreatment of rice straw with a particular process seems to be promising, but this method may not be effective for treating a different type of lignocelluloses such as oat husk. Therefore, a comprehensive study is required to identify the best pretreatment method and the optimized conditions for oat husk.
Conclusions
Experimental results show that the enzymatic accessibility of pre-treated biomass materials under the same hydrolysing conditions varied if different pretreatment methods were used. This clearly demonstrates that the effectiveness of pre-treatment varies with the method and therefore, proper pre-treatment is an important factor in determining the success of the hydrolysis of oat husk.
Hydrolysate from alkaline treated samples gave highest glucose yield, and therefore can consider that oat husks are properly treated under the condition employed. However, in order to increase the glucose yield from oat husk pretreated with dilute acid and SAA the treatment conditions need to be optimized in further studies.
